
  



  

    
 

  A Multidisciplinary Proyect of A Multidisciplinary Proyect of 

Basic and Applied ScienceBasic and Applied Science

Nicolás Leal
Ricardo Sato

Mariano del Río
Marcos Cerdá
Javier Salinas

Gualberto Ávila
Beatriz García

Welcome toWelcome to
Pierre Auger ObservatoryPierre Auger Observatory



* Nuclei with composition similar to those
  of solar system + gammas, neutrinos 
* The products of the interaction and
  decay reach the Earth's surface
* Low energies: Sun (10 => 100 MeV)

* The rate at the surface 1/ seg cm2

* High energy (up 10 EeV)
* Galactic sources (supernovas) 
* Extra-galactic sources

The rate at the surface 1/ century km2

 
 

What are Cosmic  Rays?

 What the Pierre Auger Observatory studies



  

1785 - COULOMB
 Analyzed the discharge rate of 
electroscopes.

 He did not find a satisfactory 
explanation .

1909  - WULF
 It was assumed that the "penetrating 
radiation" may come from Earth.

Wulf analyzed if it is modified with the 
height: measures in the Eiffel Tower, 
without conclusive results. 

Brief History IBrief History I



  

1938 - Pierre Auger 1938 - Pierre Auger 
•Geiger detectors installed in the Swiss AlpsGeiger detectors installed in the Swiss Alps..

Discovered the "cosmic showers" cascades Discovered the "cosmic showers" cascades 
of secondary subatomic particles caused by of secondary subatomic particles caused by 
the collision of high-energy primary particles the collision of high-energy primary particles 
with air molecules.with air molecules.  

Showers of energies ten million Showers of energies ten million 
times higher than any known times higher than any known 
before. before. 

1938: It was concluded that they
were mostly protons (their flux depends 
on the magnetic field) 

Brief History IIIBrief History III



  

1991 -1991 -  Concept - Giant Array                                                                  Concept - Giant Array                                                                
      Observatory, Dublin-ICRC      Observatory, Dublin-ICRC

1995 - 1995 -  Feb-July Workshop                                                                     Feb-July Workshop                                                                    
     for final design     for final design

1995 - 1995 -  November: International  November: International 

                  Collaboration creation                                                                   Collaboration creation                                                                   
     UNESCO, París     UNESCO, París

Jim Conin and Alan Watson

Alberto 
Etchegoyen 
Raúl Colomb

Time Line for Pierre Auger Observatory I
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Surface Detectors-DS (1660)

Fluorescence Detectors-FD (24+3)

DF

DS

Pierre Auger Observatory

What are the UHE-CR, where they came 
from, whay they arrive with such high 
energy?

DS: 
   Covered area: 3000 km2.
   Distance-detectors: 1,5 km.
 Type of detection: Cherenkov,   
 12000 l-H

2
O,3 PMT

   
FD-Telescopes: 
   ~ 30 km for UEH showers of 1020 eV. 
Mirrros: 3.6 m x 3,6 m, FOV 30º x 30º   
Cameras: 440 PMTs each telescope
 (6 by building)





  

  1999- March,15 – Memorandum of Understanding- Mendoza

  1999 – March,18. Inauguration of Malargüe site

  2001 – May, 23. First Fluorescence event

  2001 – July, 21. First Surface event

  2001 – December, 9. First Hybrid event

  2005 – August. First meeting on PAO results

  2007 – November. First important paper

  2008 – Full installation inauguration

Time Line for Pierre Auger Observatory II



Astronomy is the study of celestial objects.

  It is the study of almost all the properties of the 
Universe from stars, planets and comets to the 

largest cosmological structures.
and phenomena across the entire electromagnetic 

spectrum and more.

It is the study of everything that existed,
exists and will exist 



  

Our knowledge about Cosmos
photons...



  

Electromagnetic Spectrum



  

Brief History of Universe and Life

1MM y

Big Bang!

Solar System formation

Life appeared on Earth

Homo sapiens

You were born!.

First galaxy
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Plants, Fishes…

Telescopes

Fosils



History of the universe

Teescopes

Accelerators



  

Our knowledge abut Cosmos
particles...



  

The particles interact  each other.

High-energy particles arrive from the cosmos 
and interact with the atmosphere and water.

The interaction of particles with matter 
produces light. 



  

Tools to explore the Primitive Universe

10-45seg

10-40

10-35

10-30

10-25

10-20

10-15

10-10

10-5

105 sec

1

1 y
103

106

109 y

Time 
(seg)

Temp.
    (oK)

1018

1015

1012

109

1PeV

1TeV

1GeV

1MeV

1KeV

1eV

1030

1025

1020

1015

1010

105

1

Energy
GeV)

10-3eV

Accelerators

Telescopes



ACCELERATORS

TELESCOPES



  

Fermi Lab, near Chicago

Circunferencia de 6km 
2 TeV



  

Circunference de 27km
14 TeV

CERN in Ginebra



  

Large 
Hadronic
Collider



  

SuperkamiokaNDe
Construction 1996 -Reconstruction 2006

1.000 m under sea level, Mozum mine

Kamioka Observatory, ICRR 
(Institute for Cosmic Ray Research),
 The University of Tokyo



  

50,000 tons of pure water surrounded by about 11,000 

photomultiplier tubes. 



  

1450-2450 m

2012-first detection 2 HE-neutrinos



  

Extreme Universe

Pulsares

GRB

AGN

SNR

Radio 
Galaxias



  

Supernova remnant Crab Nebula pulsar
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Ultra High Energy 
Cosmic Rays

Tools to explore the Primitive Universe



Charged Particles Astrophysics

Neutrinos in straight line, pointing the source

Astronomy 
of charged 
particles



Composition
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Extened atmospheric showersExtened atmospheric showers

At high energies, the flux 
is so low that direct 
detection is almost 
impossible.

Indirect observations

Cascades of secondary 
particles are produced 
by interaction of RC 
with air molecules 



One site: Malargüe - Mendoza

“Pampa Amarilla”

• Pure Air

• 1400 masl

• +3000 km2 of flat area
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Extreme Detector for extreme Extreme Detector for extreme 
PhysicsPhysics

SD at PAO siteSD at PAO site

1.5 km

The Pierre Auger Collaboration, NIM A798 (2015) 172-213
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~ (50x60) km = 3000 km² ~ (50x60) km = 3000 km² 
1660 Cherencov Detectors (1660 Cherencov Detectors (16600 m² detection area)16600 m² detection area)

27 Atmospheric Fluorescence Detectors27 Atmospheric Fluorescence Detectors



Instalation of DetectorsInstalation of Detectors





Auger Detectors

PAO is an hybrid detector. Flourescence Detector: 4 edificios, 27 telescopios) y  
                                           Surface detector: 1660 detectores in 3000 km2



  

A Multiwavelengh and 
Multimessenger approach to the 

knowledge of the Cosmos



Radio 1420 Mhz
 21 cm 

InfraredMicrowaves

Radio 408MHz



Visible – 360 a 780 nm



Ultraviolet X-0.25, 075, 1.5 keV

X- 2-10 keV Gamma Rays
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Search for UHECR Anisotropies Search for UHECR Anisotropies 

The Pierre Auger Collaboration, ApJ 804(2015)15

Significatibe excesses in 12o around E >54 EeV events



43

50 year-old mystery has been solved: dipole 
at UHECR Flux Map atE > 8 EeV             atE > 8 EeV            

Dipole equatorial plane

125o from GC → Extra Galactic Origin
                       Of CR

The Pierre Auger Collaboration, Science 357(2017)1266, arXiv:1709.07321 [astro-ph.HE]

Amplitude:6 .5-0. 9
+1.3%@5.2σ

α d=100∘±10∘;δd=−24 -13
∘

∘ +12∘



Esteban Roulet, 

CONICET-IB

Gabriela González

exceso respecto al flujo promedio,

Mapa en coordenadas galácticas del flujo medido de rayos 

cósmicos con energías mayores que

8x1018 eV.

3AAA meeting – Septembre 20173AAA meeting – Septembre 2017

Gabriela González LIGO



Discovery in GW on August 17, 2017, at exactly 12:41. Less than 2 seconds 

later, Fermi / NASA records the gamma-ray burst. Around 22:00 GMT, the 

telescope arrangement in Chile determined the exact location: NGC 4993, 

130 million light years from Earth. 

17 Agosto

21 Agosto

Las Campanas -Chile

Neutron Stars Collision



Pierre Auger, ANTARES, IceCube: Searching for 

neutrinos emision from GW170817 merging

Illustration of the merging binary neutron 

star GW170817 emitting gravitational 

waves observed at the two LIGO sites in 

the United States. The neutrino detection 

channel brushing the Earth is observed. 

Pierre Auger in Argentina 

was at the right position for 

detection!





PAO Highlights

2021. First measurement of the 

fluctuations in the muon content of air 

showers at ultra-high energy 

2020. Most precise measurement of the 

cosmic-ray energy spectrum at ultra-

high energies 

2020. Cosmic-ray anisotropies in right 

ascension measured by the Pierre 

Auger Observatory 



PAO Highlights

2018. Observation of inclined EeV air 

showers with the radio detector of the 

Pierre Auger Observatory (150 detectors, 30-80MHz)

2017. Inferences on Mass Composition 

and Tests of Hadronic Interactions 

from 0.3 to 100 EeV using the water-

Cherenkov Detectors of PAO

2016. Evidence for a mixed mass 

composition at the 'ankle' in the cosmic 

ray spectrum 



  

Social Impact



  

Stamp 
Argentina
 2007

James Cronin-School                         
16-Nov. 2006

Planetarium MalarguePlanetarium Malargue
(9 de agosto de 2008)(9 de agosto de 2008)

InteractiveVisitor Center



  



  

Pierre Auger Observatory

Why we are here?Why we are here?
Which is the fundamental Which is the fundamental 
      law that explains the Nature?law that explains the Nature?

 

..

Observation of the extreme universe 

can give us totally unexpected insights 



www.auger.org

www.visitantes.auger.org.ar

Virtual Tours

http://www.auger.org/
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